This paper examines the influence of public greenspace on the life satisfaction of residents of Australia's capital cities. A positive relationship is found between the percentage of public greenspace in a resident's local area and their self-reported life satisfaction. On average, it is found that a resident has an implicit willingness-to-pay of $1,168 in annual household income for a one per cent (143m 2 ) increase in public greenspace. The relationship between public greenspace and life satisfaction however, is non-linear. Additional results suggest that the value of greenspace increases with population density and that lone parents, the less educated and those living in high rise dwellings benefit to a greater extent from the provision of public greenspace than the general population. In all, life satisfaction data supports existing evidence that public greenspace is welfare enhancing for urban residents and adequate allowance should be made for its provision when planning urban areas.
Introduction
It is estimated that over 50 per cent of the world's population now reside in urban areas.
Moreover, the United Nations (2010) projects that the world's urban areas will absorb all of the global population growth over the next four decades, as well as continue to draw some of the rural population. Policy makers and urban planners therefore face a significant challenge to design urban areas in such a way as to accommodate this growth, while maintaining residents' well-being.
One means of managing population growth is urban consolidation (i.e. increasing density in existing built environments). Advocates of urban consolidation (cf. Alexander and Tomalty, 2002; Bambrick et al., 2011) cite more efficient use of established infrastructure and services (such as water and energy), greater accessibility of service for a variety of people, reduced traffic congestion and pollution, as well as the mitigation of health and well-being risks associated with obesity and sedentary lifestyles. In contrast, opponents (cf. Forster, 2006; Randolph, 2006) observe the loss of precious public open space to urban infill, increased noise, gentrification, poorly matched preferences, concentrated social disadvantage, and potentially undermined social cohesion. These criticisms of urban consolidation are particularly strident when policy makers have not appropriately preserved the public domain and residential amenity (Bryne and Sipe, 2010) .
The compensating hypothesis argues that urban consolidation should be accompanied by increases in public greenspace, as residents will seek to substitute public for private areas (Maat and De Vries, 2006) . One of the key simplifications, and potential shortcomings, of the compensating hypothesis is that people living in high densities are assumed to be homogenous in regards to their need for greenspace. In this paper, using data from residents of Australian capital cities, we investigate the heterogeneity of preferences for greenspace (inferred from life satisfaction effects) across people depending on their characteristics or circumstances. This is consistent with the idea of taking a needs-based approach to the provision of greenspace, as advocated by Bryne et al. (2010) . The paper proceeds as follows. The remainder of Section 1 examines existing evidence on the welfare effects of public greenspace, as well as the place of life satisfaction research in economics.
Methodology and data form the subject of Section 2. Results are presented in Section 3 and discussed in Section 4.
Greenspace and well-being
A substantial body of evidence demonstrates the positive effect of greenspace on wellbeing. For example, in metropolitan centres in Italy and the United Kingdom, frequent visits to greenspace are found to generate significant improvements in the well-being of users during periods of heat stress (Lafortezza et al., 2009) . In Stockholm and Göteborg, greenspace is found to mitigate the negative effect of road traffic noise on well-being (Gidlof-Gunnarsson and Ohrstrom, 2007) . Some studies have suggested that accessible greenspace plays a role in promoting physical activity, yielding objective physical health benefits, performing a preventative role in cardiovascular and musculo-skeletal diseases, and inhibiting stroke and cancer (Newton, 2007) . In the South Australian capital city of Adelaide, respondents who perceive their neighbourhood to be 'highly green' have 1.37 and 1.60 times higher odds of reporting better physical and mental health, as measured by derived SF-12 physical and mental component scores (Sugiyama et al., 2008) . Similarly,
Maas et al. (2006) in the Netherlands and Mitchell and Popham (2007) in England find
greenspace to enhance perceived general health; the former finding the relationship to be stronger for lower-socio economic groups, with some residents such as the elderly, youth and those with low levels of education benefitting more from greenspace than the general population. For a broader review of the literature see Bell et al. (2008 ), Croucher et al. (2008 and Newton (2007) .
The case for a positive relationship between greenspace and well-being is also made in the contingent valuation and hedonic property pricing literature (cf. Brander and Koetse, 2011; Crompton, 2001 Crompton, , 2005 Crompton, , 2007 . For example, Jim and Chen (2010) , employing the hedonic property pricing approach, find that residents of Hong Kong are willing-to-pay a substantial premium (USD 76,274) 3 for having a park nearby, and a further USD 9,962 for having a view of a park. In 15 cities across New Zealand, households are found to be willing-to-pay approximately NZD 184 per annum to avoid a 20 per cent reduction in the urban tree estate (Vesely, 2007) . There is also evidence to suggest greenspace provides benefits indirectly, through increasing social cohesion and inclusion (see Kazmierczak and James (2007) for a review).
Life satisfaction in economics
Research into life satisfaction is increasingly the subject of a great deal of empirical investigation in economics. This is motivated, at least in part, by dissatisfaction with traditional means of measuring economic progress, as clearly evidenced by the findings of the Commission on the Measurement of Economic Performance and Social Progress (Stiglitz et al., 2009 Evidence on the effect of children is complex, although on the face of it life satisfaction decreases as the number of dependent children increases (cf. Margolis and Myrskyla, 2010; Shields and Wooden, 2003) .
Poor health invariably lowers life satisfaction, as does unemployment (Frijters et al., 2004; Powdthavee and Van Praag, 2011) . The influence of education is not straightforward; most authors find education in developed countries to have a negative or statistically insignificant influence on life satisfaction (Shields et al., 2009; Veenhoven, 1996) . Helliwell (2003) explains this finding by providing evidence that the benefits of education flow less through a direct impact on life satisfaction than through its positive effects on the creation and maintenance of human and social capital. A comprehensive review of life satisfaction or happiness in economics is provided by Frey and Stutzer (2002a, b) and MacKerron (2011).
The environment and life satisfaction
In the environmental and ecological economics literature, life satisfaction data has been used to infer implicit monetary valuations of environmental amenities and disamenties. For example, Welsch (2002) uses cross-section data on reported well-being for 54 countries to value urban air pollution. The author finds that, on average, an individual needs to be given USD 70 per annum compensation in order to accept a one-kiloton per capita increase in urban nitrogen dioxide load. While the valuation of air quality has dominated the literature (cf. Ferreira and Moro, 2010; Luechinger, 2009 Luechinger, , 2010 MacKerron and Mourato, 2009; Menz, 2011 
Data and methodology
The first step is to estimate a model where life satisfaction is a function of socio-economic and demographic characteristics, spatial variables and the extent of public greenspace. The model takes the form of an indirect utility function for resident r in location k as follows:
Where ‫ݕ‬ , is household income, ‫ݔ‬ is a vector of socio-economic and demographic characteristics including age, marital status, employment status, education and so forth, ܽ , is the percentage of public greenspace in the resident's local area and ߜ , is a vector of spatial controls, similar to those employed by Shields et al. (2009) . In the micro-econometric life satisfaction function, the resident's true utility is unobservable; hence self-reported life satisfaction is used as a proxy. Table 1 provides a description of all variables employed.
Descriptive statistics are provided as Appendix A.
[Insert Table 1 here]
As shown by Ferreira and Moro (2010) and Welsch (2006) , it is possible to estimate the implicit willingness-to-pay (denoted WTP) for a marginal change in public greenspace by taking the partial derivative of public greenspace and the partial derivative of the natural log of household income, as follows:
Where ‫ݕ‬ ത is the mean value of household income. If discrete changes are to be valued, the Hicksian welfare measures of compensating and equivalent surplus can be employed. In this case, the compensating surplus is the amount of household income a resident would need to receive (pay) following a decrease (increase) in the level of public greenspace in his or her local area, in order to remain at his or her initial level of utility. Compensating surplus (denoted CS) can be calculated as follows:
Where ܽ ଵ is the initial, and ܽ ଶ the new level of greenspace. Similarly, the equivalent surplus is the amount of household income a resident would need to receive or pay in order to obtain the level of utility following a change, if the change did not take place. Equivalent surplus (denoted ES) can be calculated as follows:
The next 
Where ߣ . is one of many possible characteristics unique to the resident or the resident's situation and all other variables are as previously defined. From Equation 5 we can proceed to derive the implicit willingness-to-pay, as shown in Equation 6.
Where ߣ ҧ is the mean of the explanatory variable (for instance, population density in the local area) interacted with public greenspace.
Estimation strategy
Similar to the estimation strategies employed by Brereton et al. (2008) conscientiousness; emotional stability; and openness to experience (Saucier, 1994) .
The personality trait controls assist in mitigating potential bias in the income coefficient that may arise if, for example, extraverted people are both more likely to report higher levels of life satisfaction and be more productive in the labour market (Powdthavee, 2010) .
Nonetheless, despite further controls for job-related characteristics such as hours worked and commute time, downward bias in the income coefficient remains, as people compare their current income with both their past income and the income of others (Clark et al., 2008) . On a separate note, it is possible that people self-select where they reside;
suggesting that the public greenspace coefficient would be biased upwards. The magnitude of this effect is uncertain; however some authors (cf. Chay and Greenstone, 2005) observe that the empirical evidence indicates the bias is small. Together these biases may lead to larger than otherwise valuation estimates.
To address possible spatially omitted variable bias we include numerous controls for additional spatial factors for which data are available. Finally, as we include explanatory variables at different spatial levels, standard errors are adjusted for clustering (cf. Moulton, 1990). 
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Spatial data
The measure of public greenspace (obtained using Geographic Information Systems) is the percentage of public greenspace in the resident's local area, defined at the level of the Collection District (CD). 6,7 Following Bell et al. (2008), public greenspace is defined to include public parks, community gardens, cemeteries, sports fields, national parks and wilderness area.
5 Wave 5 is employed as it closely matches the date of collection of the spatial data. Further, Wave 5 includes a range of personality trait questions; thus allowing the Big Five personality traits to be controlled for in model estimation. 6 The CD is the smallest spatial unit in the Australian Standard Geographical Classification. Australian Bureau of Statistics, 2010 . Australian Standard Geographical Classification, Catalogue No. 1216 Appendix B illustrates, for each capital city, the CD administrative boundaries and overlapping public greenspace.
The mean area of the CDs in the sample is 1.85km 2 . Assuming each CD takes the shape of a circle, the median radius from the centroid or centre point is approximately 750m. Thus, the public greenspace measured is in close proximity to the resident's dwelling. As noted by Schipperijn et al. (2010) , major factors influencing the use of greenspace are size and proximity; in using the percentage of public greenspace within the CD we have been able to conveniently synthesise these two factors into a single variable.
Results
The estimated results for Equation 1 are presented in Table 2 . The explanatory power of the model, as measured by an adjusted R 2 of 0.1794, is comparable to other studies of this type (cf. Shields et al., 2009 ).
In regards to socio-economic and demographic characteristics, the results largely support the existing literature and a priori expectations. That is, life satisfaction is U-shaped in age, reaching a minimum when a resident is in their forties. Males are found to be more satisfied than women when personality trait controls are included; however in absolute terms males report lower levels of life satisfaction.
Immigrants from non-English speaking countries are found to be less satisfied than the native born, even after controlling for reported English speaking ability. In terms of marital status, being married is associated with higher levels of life satisfaction than being in a defacto relationship and people in a defacto relationship are more satisfied than resident's never before married. In contrast, separated and divorced residents experience much lower levels of life satisfaction than residents who have never been married. Being a widow is associated with higher levels of life satisfaction. Lone parents are found to have lower levels of life satisfaction, even after controlling for the number of children in the household, which itself has an adverse impact on a resident's life satisfaction.
As expected, having a long-term health condition is associated with lower levels of life satisfaction, with the greatest impact felt by those with a severe health condition.
Unemployment, even after controlling for income, appears to be quite detrimental to a resident's life satisfaction. Higher income has a positive effect, commuting time a negative effect.
Four of the Big Five personality trait variables are statistically significant at the one per cent level, with higher degrees of extraversion, agreeableness, conscientiousness and emotional stability all associated with higher levels of life satisfaction. Renters and residents living in other (non-standard) types of dwellings are found to have lower levels of life satisfaction than house owners and those living in a separate house.
Of the spatial variables employed, living within three kilometres of the coastline is associated with higher levels of life satisfaction, whereas living within three kilometres or between three and five kilometres of a major airport is found to detract from life satisfaction. With the exception of Melbourne residents, residents living in capital cities other than Sydney are generally found to have higher levels of life satisfaction, ceteris paribus.
Of particular importance to this study, public greenspace, as measured by the percentage of public greenspace in the resident's local area, is found to be welfare enhancing at a statistically significant level (p-value of 0.055), with an estimated coefficient of 0.00325.
[Insert Table 2 here]
Following the procedure described in Equation 2, the average implicit willingness-to-pay in terms of annual household income, for a one per cent increase in public greenspace, is $1,168. Given, on average, there are 2.5 people living in each household in the sample, this implies a per-capita implicit willingness-to-pay of $467. To put these results in context, on average, a one per cent increase in greenspace from the mean is equivalent to a 143m 2 increase in public greenspace in the CD.
Similarly, a one standard deviation (12.49 per cent) increase in public greenspace from the mean yields a compensating surplus of $12,755, thus suggesting, following such an improvement, a resident is able to sacrifice approximately $12,800 in annual household income and remain at his or her initial level of utility. The comparable equivalent surplus estimate is $16,799, suggesting a resident would require an increase in annual household income of approximately $16,800 for such an improvement not to occur.
Non-linear marginal utility of public greenspace
To explore the presence of a non-linear relationship between public greenspace and life satisfaction, CDs containing greenspace are assigned into quartiles depending upon the percentage of greenspace they contain (CDs without greenspace form the base case).
Results suggest a strong non-linear functional form (Table 3) .
[Insert Table 3 here]
Specifically, a movement from the base case to the first quartile produces the greatest gain in life satisfaction. However, an increase in greenspace from the second to third quartiles is associated with reduced life satisfaction; perhaps suggesting that the negative effects of additional greenspace (for example, noise and crime) outweigh the amenity value the additional greenspace provides (Crompton, 2001) . Contrary to such reasoning, moving from the third to the fourth quartile again increases life satisfaction. We suggest this anomaly may reflect differences in the types of public greenspace in each of the quartiles. For instance, CDs in the fourth quartile are more likely to contain national parks, which may be less likely to confer the same negative effects as urban parks. This is an area worthy of future research.
Heterogeneity in preferences for public greenspace
We first use Equation 6 to examine how a resident's preferences may vary depending on the characteristics of their local area. Table 4 .
[Insert Table 4 here]
The dominant finding is that many of the interactions do not yield statistically significant results. On the face of it, this suggests that preferences are perhaps not as heterogeneous as first anticipated. However, more complex interactions may still exist which, due to sample size constraints, are unable to be modelled with our data set. For example, high rise residents benefit more from public greenspace, yet the extent to which they benefit may depend on their level of income, and if they are retired and are in good health. Further, high rise residents with younger children may obtain greater benefits depending on the specific facilities and safety of the greenspace in question.
Focusing first on the statistically insignificant results, the benefits of public greenspace do not appear to depend on age, level of health or ethnicity. It may be the case that only particular health states can be enhanced by public greenspace and that less visibly different races derive greater benefits in terms of social inclusion (cf. Colic-Peisker, 2009; Kazmierczak and James, 2007) . In future research it may be beneficial to further disaggregate these variables.
We do however, find some evidence of heterogeneity. For example, the results reveal public greenspace provides residents who are lone parents with moderating benefits. Notably, the sign of the coefficient is in stark contrast to the original linear specification of the lone parent variable. This lends some confidence to the role of urban greenspace in improving social inclusion. Furthermore, residents with a highest level of educational attainment of year 12 (completed secondary school) or below are found to derive greater benefits from public greenspace, suggesting that residents with lower levels of education are more sensitive to local physical environmental characteristics; a finding consistent with that of Maas et al. (2006) .
Finally, we find evidence that residents in high rise dwellings (defined as apartments of four or more storeys) benefit to a far greater extent from the provision of public greenspace;
providing further evidence that the value of proximity to neighbourhood parks rises with population density.
Discussion
This paper set out to investigate heterogeneity in preferences for greenspace (inferred from life satisfaction effects) in the context of capital cities throughout Australia. In so doing, this paper makes an important contribution to the spatial planning literature, as well as the small, but growing, body of literature employing the life satisfaction approach to value environmental goods and services. Furthermore, this study assists in addressing the challenge urban consolidation presents in terms of the sourcing, provisioning and management of urban greenspace.
Our main finding indicates that increased public greenspace enhances local residents'
welfare, and that, on average, a resident has an implicit willingness-to-pay of approximately $1,168 in annual household income for a one per cent (143m 2 ) increase in public greenspace in their local area. The strength of this result depends on a number of factors, including the percentage of public greenspace in the local area, the population density of the local area, and, to some extent, the characteristics of the resident and their circumstances. The results suggest that there is some heterogeneity in preferences for public greenspace, with lone parents, residents with an education level of year 12 or below, and high rise dwellers all found to derive greater benefits from the provision of greenspace than other capital city residents. However, the dominant finding is that most interactions were not significant, suggesting that preferences for greenspace appear to be relatively
homogeneous. An important caveat though, is that more complex dependencies are unable to be modelled with our data set. A further issue not addressed in this study, and thus an opportunity for further research, is that resident's preferences for public greenspace may depend on the specific characteristics of the greenspace in question.
While it is difficult to compare these valuations with existing studies employing more conventional non-market valuation techniques, it is worth noting that the estimates are at the lower end of environmental valuations employing the life satisfaction approach, yet at the upper end of valuations found in the literature for public greenspace specifically. In all, these findings illustrate the need for policy makers to consider the role of public greenspace in supporting well-being and the preferences of residents in urban areas when planning public greenspace. Emotional stability Degree of emotional stability (scale 1 to 7)
Openness to experience Degree of openness to experience (scale 1 to 7)
Others present Someone other than the respondent was present during the interview Renter Respondent is renting the home or is involved in a rent to buy scheme Owns/paying off mortgage on home; Separate house; Major city; Greater than 10km from the coastline; Greater than 10km from a river; Greater than 10km from a lake; Greater than 10km from a creek; Greater than 10km from an airport; Greater than 10km from a railway station; Greater than 3km from a major road; Sydney. 0.17937 *** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level.
Omitted cases are: Age (30-39); Female; Not of indigenous origin; Country of birth Australia; Speaks English well or very well; Never married and not de facto; Not a lone parent; Does not have a long-term health condition; Beyond year 12; Not self employed; Employed working 35 hours or more per week; No others present during the interview or don't know -telephone interview; Owns/paying off mortgage on home; Separate house; Major city; Greater than 10km from the coastline; Greater than 10km from a river; Greater than 10km from a lake; Greater than 10km from a creek; Greater than 10km from an airport; Greater than 10km from a railway station; Greater than 3km from a major road; Sydney. Proximity to lake 
